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The effect of hCG treatment on day of mating on pregnancy rate and reproductive 

performance of sheep 

 

 

Abstract: 

The present study was conducted to determine the effect of human chorionic gonadotrophin 

(hCG) treatment on on ovarian function, pregnancy rate and reproductive performance in sheep.  

The estrus was synchronized with two injunctions of PGF2α at 11 days apart.  As hCG given on 

day of mating increased the plasma progesterone concentration.  HCG treatment improved the 

reproductive performance through embryo development embryo growth showed that it had 

embryotrophic effects, as crow-rump length, amniotic sac width and number of caruncles were 

increased (P<0.05). The ovulation was greater in hCG treatment compared to control.  Lambing 

results indicated that litter size and twins and triplets birth tended to greater following to hCG 

treatment (P<0.05).  The improvement in litter size may be either due to increase in ovulation 

rate or decrease in embryonic mortality. It was found that post-natal mortality has a reasonable 

contribution to economic losses and its control may result in enhanced production of meat and 

milk.  

Keywords: human chorionic gonadotrophin, ovarian function, pregnancy rate, reproductive 

performance 
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Introduction  

Sheep are primarily raised as a source of food, wool and skin, as also for immediate cash.  The 

reproductive efficiency of sheep in the county appears to be low, with low rate of twining and no 

proper breeding practices in place.    

To increase the productivity, flock management techniques employ a variety of methods, 

including estrus synchronization, artificial insemination and in vitro fertilization in sheep 

(Wildeus, 1999; Abecia et al., 2001; Dixon et al., 2006; Turk et al., 2008; Khan et al., 2009; 

Lashari and Tasawar, 2011, 2013).   

For more than half a century, attempts have been made to synchronize the period of sexual 

receptivity, or estrus in farm animals.  Estrus synchronization can save labour, and is a key 

component in AI programmes (Knights et al., 2006).  The technology of AI reduces the 

incidence of venereal diseases and greatly increases the genetic merit (Foote, 1999).  

The reproductive efficiency of sheep is limited by pre-implantation losses and there is evidence 

to suggest that the majority of these losses may be preventable, as only a small percentage of 

embryos are inherently non-viable (Wilmut et al., 1986). Embryonic mortalities have been 

extensively studied on ovine (Khan et al., 2009).   

In sheep, some 20-40% of ova are not represented by offspring (Quirke et al., 1986) and in cattle 

these losses may also reach upto 40%, the embryo lost in first month of gestation (Diskin and 

Sreenan, 1980).  Fertilization failure accounts for only 5-10% of losses (Wilmut et al., 1986), 

whereas the majority of these are the result of embryonic mortality (Beck et al., 1996; Khan et 

al., 2006). As these losses occur after day 12 of pregnancy, they can result in a significant 

extension of the inter-estrus interval, which could prevent re-mating and lead to barrenness 

(Beck et al., 1996).   

Inadequate luteal function is a major cause of pre-implantation losses in sheep (Wilmut et al., 

1986; Ashworth et al., 1989; Nancarrow, 1994; Khan et al., 2009).  These losses can be 

prevented by supplementing with progesterone during early pregnancy (Nancarrow, 1994) or by 
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stimulating luteal function with gonadotrophins on day of mating (Khan et al., 2003) and day 12 

of pregnancy (Beck et al., 1994; Khan et al., 2007; Khan et al., 2009).   

As hCG has LH-like activities (Kinser et al., 1983; Schmitt et al., 1996) can stimulate oocyte 

maturation and ovulation.  It may be possible to obtain a similar improvement in fertility using 

hCG instead of GnRH agonist.  From practical point of view hCG treatment should be less 

expensive.  A supplementary injection of hCG given to ewes at the time of mating or day 12 

post-mating may improve fertility (Khan et al., 2003; Khan et al., 2009).  This approach is 

supported by earlier work in goats (Fonseca et al., 2005) and cattle, hCG injections were used to 

improve fertility (Mee et al., 1990; Stevenson et al., 1990).   

It has been shown that multiple injections of hCG (100-300 IU) on days 4, 11, 12, 13 post-

mating increase plasma progesterone concentrations and conception rate in sheep induced to 

breed during lactational anestrus (Kittok et al., 1983).  Single injection of hCG (100 IU) before 

the time of maternal recognition of pregnancy may improve conception rate in sheep mated at 

spontaneous estrus (Nephew et al., 1994).  The pregnancy rate was inversely correlated with the 

duration of the growth of the ovulatory follicles (Vinoles et al., 2001; Dixon et al., 2006). To 

stimulate follicle development and number and afterwards to increase the ovulation rate and litter 

size, gonadotrophins such as PMSG (Gordon,1997; Dogon and Nur, 2006), hCG (Khan et al., 

2009), eCG, FSH (Boscos et al., 2002), and GnRH (Cam and Kuran, 2004; Khan et al., 2007; 

Lashari and Tasawar, 2010) co-treated with  intravaginal sponges.  It has been reported that the 

use of the GnRH- PGF2α combination in ES (Ataman and Akoz, 2006; Lashari and Tasawar, 

2010), and progestagen together with post-mating GnRH administration (Cam and Kuran, 2004; 

Khan et al., 2006) positively effect the fertility parameter s of sheep.   

The objective of this study was to investigate the effect of hCG given on day of mating has any 

effect on luteal function, embryo viability, placentation and reproductive performance of sheep.   
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Materials and Methods 

This experiment was designed to determine the effects of hCG treatment on the day of mating 

(day of estrus = day 0) by looking at its effect on luteal response and embryo survival in animals 

mated at a synchronized estrus.  Thirty two Lohi sheep 3- 4 years old were divided into two 

groups balanced by weight using a stratified system of randomization (saline, n= 16; weight 

44±0.25kg, hCG, n=16; weight 44.5 ± 0.12kg).  After estrus synchronization the hCG treatment 

group was treated with 300 IU (Pregnyl, N. V. Organon Oss, Holand) intramuscularly.  All the 

animals were put to raddled rams (1 ram per 10 animals) of proven fertility and 48 h after the 

introduction of the rams the identification numbers of rump marked (mated) animals was 

recorded.  Any ewe not sufficiently rump marked was excluded from the experiment and 

subsequently, Blood samples were collected from these animals by vein puncture at 10.00 a.m. 

from day 2 to 16 (both days inclusive).   

On day 25 post-mating the animals were slaughtered and their reproductive tracts were recovered 

for examination.  Conceptuses were carefully removed from gravid uteri post-slaughter.  Embryo 

weight (g) crown-rump length (mm) and amniotic sac width/length were determined.  The 

viability of each embryo was assessed from its weight and crown-rump length.  The ovulation 

rate for each group was determined from the number of CL present.  The weight of each CL was 

also recorded.  Moreover, the number of caruncles forming placentomes in each uterine horn was 

also counted.  Only animals with viable embryos were considered pregnant and animals 

containing degenerative embryos were categorized as non-pregnant, excluded from the analysis.    

Plasma concentrations of progesterone and estradiol were assayed in all the blood samples 

collected from days 2-16.  The limit of the sensitivity was 0.3 ng/ml and inter and intra-assay 

coefficients of variation were 12.6 and 7.1%, respectively.  Following determination of the 

progesterone concentrations was calculated for each animal within each group.  From this, the 

daily mean plasma concentrations of progesterone between days 2-16 was determined.   

Statistical analysis 
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The results were expressed as percentages and Mean ± SEM.  Comparisons of different types of 

percentages were made by Chi-square (χ
2
) test.  The data for plasma progesterone and oestradiol 

concentrations were analysed using paired t-test.  P<0.05 was taken as statistical significance.   
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Results  

The results of conceptus growth and development are given in Table 1.  Out of 32 ewes put to 

the ram (Control= 16; hCG day 0 =16), were properly mated as indicated by rump marks.  At 

slaughter there was no difference in pregnancy rates and ovulation rate was higher in hCG day 0 

treated groups as compared with control.  Of animals carrying viable embryos, most were 

pregnant with singltons and there was significant difference in number of embryos recovered 

(control = 17; hCG day0= 21) between treatment groups.  Moreover three ewes in the control 

group and four animals from (hCG do) were pregnant with twins.  Furthermore two animals from 

hCG day0 were pregnant with triplet.  The litter size was significantly higher in hCG treated as 

compared to control.   

In the ewe pregnant with viable embryos, there was tendency (P<0.05) for amniotic sac length 

and embryo weight to be greater in hCG group.  Also, the crown-rump length and amniotic sac 

width were greater (P<0.05) in the hCG treated group when compared with controls.  

Furthermore, there was a significant (P<0.05) increase in the number of caruncles forming 

placentomes in both uterine horns in the hCG groups compared to the control group.  It was 

evident from examination of the reproductive tracts post-slaughter that some early embryo loss 

had occurred in the ewe belonging to both treatment groups, classified as non-pregnant.  This 

was concluded from the presence of degenerative embryos or by the presence of dark eroded 

caruncles, which are indicative of pregnancy failure at an early stage.   

Plasma progesterone  

Plasma progesterone concentrations in saline or hCG treated on day of mating shows there was 

no significant difference (P>0.05) between saline or hCG treated day of mating.  Progesterone 

levels in day mating animals were observed to increase faster rate than in saline treated animals, 

however days after 15, levels began to stabilize at between 3 and 5 ng/ml in saline or hCG day of 

mating.   Finally, on day 15 plasma progesterone concentrations for hCG group were higher 

(control=3.8; hCG day 0= 4.9ng/ml) than in control group.   

Plasma oestradiol 
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The results of plasma oestradiol concentrations of ewes in control or hCG treatment groups was 

similar in saline or hCG treated on day of mating between days 9 and 12.  Plasma oestradiol 

concentrations on day mating animal were observed to increase faster rate than saline.   The 

response to hCG on day mating treatment was significant (P<0.05).     
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Table 1.  Reproductive performance of sheep given saline or hCG at synchronised estrus 

and slaughtered at day 25 post-mating.    

 

 Control HCG  

No.  mated at treated estrus 16 16 

No.  (%) of animal pregnant at slaughter 14 (87) 13 (81) 

No.  of CL in pregnant animals 19 25 

Rate of ovulation 1.36
a
 1.92

b
 

No.  of embryos recovered:  Single 

                                              Twin 

                                             Triplet 

                                             Total 

11 

03 

00 

17 

07 

04 

02 

21 

Litter size 1.21
a
 1.62

b
 

Embryo mortality (%) 10.5
a
 16

a
 

Mean amniotic sac length (mm  SEM) 14.7  0.4 15.1  0.5 

Mean crown-rump length (mm  SEM) 11.93  0.23
a 

12.59  0.21
b
 

Mean amniotic sac width (mm  SEM) 11.41  0.36
a 

11.98  0.28
b
 

Mean weight of viable embryo (g  SEM) 

                                         Single 

                                         Twin 

                                         Triplets 

 

0.178  0.003 

0.151  0.007 

0.138  0.006 

 

0.182  0.005 

0.169  0.009 

0.157 0.007 

Mean weight of CL (g  SEM) 1.41  0.15 1.5  0.12 

Mean no. of caruncles ( SEM)  Left horn 

                                                     Right horn 

                                           Total 

46.5  3.9
a 

47.3  3.5
a 

93.8  6.8
a 

52.6  4.1
a
 

53.2  4.3
a
 

105.8  7.1
a
 

Values with different superscripts within same row are significantly (P < 0.05) different. 
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DISCUSSION 

The hCG has been previously used to improve the reproductive efficiency in cows given single 

injunction (Peters et al., 1992; Rajamahendran and Sianangama, 1992; Sianangama and 

Rajamahendran, 1992) and in pigs (Bolama et al., 1991), and in sheep (Khan et al., 2003, 2009).   

The present study not only reports the use of hCG supplementation prior to insemination increase 

conceptus growth that enhance fertility in ewes.  This would have helped improve embryo 

survival as larger conceptuses produce more IFN-tau, thereby more effectively suppressing the 

luteolytic mechanism and allowing more time for the establishment of pregnancy (Nephew et al., 

1994; Spencer et al., 1996).  Placentation was also improved in hCG day of mating treated 

animals, as the number of placentomes was increased.  It could be hypothesised that a great 

number of placentomes resulting in a larger overall surface are might improve attachment of the 

embryos and therefore reduce embryo losses by improving placentation.   

The reproductive performance of the ewes was lower after synchronised estrus than would be 

expected for ewes mated naturally (Gordon, 1997). This may have been because the animal used 

in this study originated from a commercial flock and were not used to handling.  Furthermore, 

their body condition score was not in the ideal, which may have been because they were more 

than five year old and had not regained sufficient condition after weaning.  Human chorionic 

gonadotrophin treatment appeared to improve embryo survival in hCG treated day of mating 

animals having more triplet birth than the saline treated control.   

The pregnancy rate was similar in animals slaughtered at day 25; however there was larger litter 

size in the hCG treated group which is consistent with a previous report in the ewes given hCG 

treatment (Zamiri and Hosseini, 1998; Khan et al., 2003, 2009).  Furthermore, it is also evident 

from the results that hCG treated animal produces a higher proportion of twins and triplets than 

the animals in control group.  The latter was probably the results of a significant (P<0.05) 

increase observed in hCG treated animals, slaughtered on day 25.  Such an increase in ovulation 

rate might have resulted from a faster rate of maturation or ovulation of immature follicles 

(Kinser et al., 1983; Khan et al., 2009) induced by prolonged effect of hCG due to its longer half 

life than the  natural LH (Khan et al., 2003).  
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The improved conceptus growth might be expected to increase birth weight.  However, there was 

tendency for single, twin and triplet birth to be heavier in both hCG group than control.  The 

significant (P<0.05) difference was observed in placentome numbers in day 12 hCG treated 

animals. This effects the conceptus growth and may therefore, have increased the chances of 

survival.  And indeed, the litter size was significantly higher in the hCG treated animal compared 

to the controls.  Furthermore a study by Khan et al. (2003) demonstrated that ovarian 

steriodogenic response to hCG treatment on day 12 post-estrus is significantly higher compared 

to control.  Similar findings were reported by Khan et al. (2003).  Fonseca et al. (2005) reported 

that hCG treatments have no effect on reproductive performance of goats.  However it possible 

that the hCG supplementation may be more effective in enhancing the reproductive performance 

or reducing embryonic mortality in these climatic conditions.   

The results of plasma progesterone concentrations were similar to that reported for ewes 

(Ashworth et al., 1989) does (Fonseca et al., 2005).  Plasma progesterone concentrations were 

between 3-6 ng/ml during the luteal phase, indicating that luteal function in the majority of 

animals was higher in both hCG treated as compared to control.  Furthermore, considering the 

significant difference in ovulation rate (control=1.36; hCG day0=1.92; hCG day12=1.84) 

between the three groups, the plasma concentration of progesterone were different between 

treatment groups as it has been shown that progesterone concentrations differ between single and 

twin ovulators (Khan et al., 2009).   

Finally, as hCG has both FSH and LH activity (Kinser et al., 1983; Khan et al., 2003), this 

combination could have forced the ovulation of immature follicles, which normally would have 

become atretic.  The resulting CL could be less steriodogenic as it has gone through a lesser 

degree of lutinization and consequently secretes less progesterone (Ashworth et al., 1989).  

Although local concentrations of progesterone were not measured in the present study, there is 

evidence to suggest that the local levels were higher in pregnant hCG treated ewe as indicated by 

the increase in conceptus length/width and weight in the hCG treated group (Khan et al., 2003).   

Conclusion  
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In conclusion the results of present study indicate that hCG treatment given at synchronized 

estrus increased the plasma progesterone concentration, ovulation rate. This treatment may 

improve embryo survival thus suggesting that hCG treatment given on day of mating has a 

potential to improve reproductive performance.     

International Journal of Advanced and Innovative Research (2278-7844) / # 270 / Volume 2 Issue 11

   © 2013 IJAIR. ALL RIGHTS RESERVED                                                                                     270



13 

 

REFERENCES 

Abecia, J. A., Forcada, F. and Zunega, O. 2001. Differences in reproductive performance, 

embryo development, interferon-tau secretion by the conceptus and luteal 

function in ewe lambs synchronized in estrus before or after the spontaneous 

onset of luteal activity preceding puberty. Reproduction in Domestic Animals.  

36: 73-77.   

Ashworth, C. J. and Bazer, F. W. 1989.  Changes in ovine conceptus and endometrial function 

following asynchronous embryo transfer or administration of progesterone. 

Biology of Reproduction. 40: 425-433.   

Ataman, M. B. and Akoz, M. 2006. GnRH-PGF2α and PGF2α–PGF2α synchronizationin 

Akkaraman  cross-bred sheep in breeding season.  Bulleton of Veterinary Institue, 

Pulawy. 50: 101-104.    

Beck, N. F. G., Jones, M., Davies, B., Mann, G. E. and Peters, A. R. 1996.  The effect of 

GnRH analogue (buserelin) treatment on day 12 post-mating on ovarian structure 

and plasma progesterone and oestradiol concentration in ewes. Animal Science. 

63: 407-412.   

Bolama, D., Matton, P., Sirard, M. A., Estrada, R. and Dufour, J. J. 1991.  Ovarian 

morphological conditions and the effect of injection of human chorionic 

gonadotropin on ovulation rates in prepubertal gilts with two morphologically 

different ovarian types.  Journal of Animal Science. 69: 3774-3779.   

Boscos, C. M., Samartzi, F. C., Dellis, S. Rogge, A., Stefanakis, A. and Krambovitis, E. 

2002.  Use of progestagen-gonadotrophin treatments in estrus synchronization of 

sheep.  Theriogenology. 58: 1261-1272. 

Cam, M. A. and Kuran, M. 2004.  GnRH agonist treatment on day 12 post-mating to improve 

reproductive performance in goats. Small Ruminant Research. 52: 169-172.   

Diskin, M. G. and Sreenan, J. M. 1986.  Progesterone and embryo survival in the cow. In: JM 

Sreenan, MG Diskin, Embryonic Mortality in Farm Animals. Martinus-Nijhoff, 

the Netherlands.   

Dixon, A. B., Knights, M., Pate, J. L., Lewis, P. E. and Inskeep, E. K. 2006. Reproductive 

performance of ewes after 5-days treatment with intravaginal inserts containing 

International Journal of Advanced and Innovative Research (2278-7844) / # 271 / Volume 2 Issue 11

   © 2013 IJAIR. ALL RIGHTS RESERVED                                                                                     271



14 

 

progesterone in combination with injection of prostaglandin F2α. Reproduction in 

Domestic Animals. 41: 142-148.   

Dixon, A. B., Knights, M., Pate, J. L., Lewis, P. E. and Inskeep, E. K. 2006. Reproductive 

performance of ewes after 5-days treatment with intravaginal inserts containing 

progesterone in combination with injection of prostaglandin F2α. Reproduction in 

Domestic Animals. 41: 142-148.   

Dogon, I. and Nur, Z. 2006. Different estrous induction methods during the non breeding 

season in Kivircik ewes. Veterinary Medicine Czech. 51: 133-138.    

Fonseca, J. F., Torres, C. A. A., Costa, E. P., Maffili, V. V., Carvalho, G. R., Alves, N. G. 

and Rubert, M. A. 2005.  Progesterone profile and reproductive performance of 

oestrous-induced Alpine goats given hCG five days after breeding.  Animal 

Reproduction.  2: 54-59. 

Fonseca, J. F., Torres, C. A. A., Costa, E. P., Maffili, V. V., Carvalho, G. R., Alves, N. G. 

and Rubert, M. A. 2005.  Progesterone profile and reproductive performance of 

oestrous-induced Alpine goats given hCG five days after breeding.  Animal 

Reproduction.  2: 54-59.   

Foote, R. H. 1999. Development of reproductive biotechnologies in domestic animals from 

artificial insemination to cloning: a perspective. Cloning. 1: 133-142.   

Gordon, I. 1997. In: Controlled Reproduction in Sheep and Goats. CABI, Publishing, New 

York.   

Khan, T. H., Beck, N. F. G. and Khalid, M. 2007. The effects of GnRH analogue (Buserelin) 

or hCG (Chorulon) on day 12 of pregnancy on ovarian function, plasma hormone 

concentrations, conceptus growth and placentation in ewes and ewe lambs. 

Animal Reproduction Science.  102: 247-257.   

Khan, T. H., Beck, N. F. G. and Khalid, M. 2009. The effect of hCG treatment on Day 12 

post-mating on ovarian function and reproductive performance of ewes and ewe 

lambs. Animal Reproduction Science. 116: 162-168.  

Khan, T. H., Beck, N. F. G. and Khalid, M. 2009. The effect of hCG treatment on Day 12 

post-mating on ovarian function and reproductive performance of ewes and ewe 

lambs. Animal Reproduction Science. 116: 162-168.  

International Journal of Advanced and Innovative Research (2278-7844) / # 272 / Volume 2 Issue 11

   © 2013 IJAIR. ALL RIGHTS RESERVED                                                                                     272



15 

 

Khan, T. H., Hastie, P. M., Beck, N. F. G. and Khalid, M. 2003.  hCG treatment on day of 

mating improves embryo viability and fertility in ewe lambs. Animal 

Reproduction Science. 76: 81-89.   

Kinser, A. R., Gibson, M. F., Vincent, D. L., Scheffrahn, N. S. and Kesler, D. J. 1983.  

Ovarian responses of seasonally anestrous ewes administered progesterone, 

PMSG, hCG and (or) GnRH. Theriogenology. 19: 449-460.   

Kittok, R. J., Stellflug, J. N. and Lowry, S. R. 1983.  Enhanced progesterone and pregnancy 

rate after gonadotropin administration in lactating ewes.  Journal of Animal 

Science. 56: 652-655.   

Knights, M., Hoehn, T., Marsh, D., Lewis, P., Pate, J., Dixon, A. and Inskeep, K. 2006.  

Reproductive management in the ewe flock by induction or synchronization of 

estrus. West Virginia Agricultural and Forestry Experiment Station, Morgantown 

(URL http://www.caf.wvu.edu/avs/sheep/research%20highlights/estsynbl 

Knights, M., Maze, T. D., Bridges, P. J., Lewis, P. E. and Inskeep, E. K. 2001. Short-term 

treatment with a controlled internal drug releasing (CIDR) device and FSH to 

induce fertile estrus and increase prolificacy in anestrous ewes. Theriogeneology. 

55: 1181-1191.  

Lashari, M. H. and Tasawar, Z.  2010. The effect of GnRH given on day of mating on ovarian 

function and reproductive performance in Lohi sheep. Pakistan Vet J, 30(1): 29-

33. 

Nancarrow, C. D. 1994.  Embryonic mortality in the ewe and doe. In: Embryonic Mortality in 

Domestic Species. (eds. M. T. Zavy & R. D. Geisert). pp. 79-98. CRC, Press. 

London, Forida.   

Nephew, K. P., Cardenas, H., McClure, K. E., Ott, T. L., Bazer, F. W. and Pope, W. F. 

1994.  Effects of administration of human chorionic gonadotropin or progesterone 

before maternal recognition of pregnancy on blastocyst development and 

pregnancy in sheep. Journal of Animal Science. 72: 453-458.   

Peters, A. R., Drew, S. B., Mann, G. E., Lamming, G. E. and Beck, N. F. G. 1992.  

Experimental and practical approaches to the establishment and maintenance of 

pregnancy.  Journal of Physiology and Pharmacology Supplement. 43: 143-152.   

International Journal of Advanced and Innovative Research (2278-7844) / # 273 / Volume 2 Issue 11

   © 2013 IJAIR. ALL RIGHTS RESERVED                                                                                     273

http://www.caf.wvu.edu/avs/sheep/research%20highlights/estsynbl


16 

 

Quirke, L. M., Hover, G. M. A. and Keys, R. T. 1986.  Endocrine regulation of luteolysis after 

prostaglandin F2α injection in cattle. Journal of Reproduction and Fertility. 75: 

85-94.   

Rajamahendran, R. and Sianangama, P. C. 1992.  Effect of human chorionic gonadotrophin 

on dominant follicles in cows: formation of accessory corpora lutea, progesterone 

production and pregnancy rates.  Journal of Reproduction and Fertility. 95: 577-

584.   

Schmitt, E. J. P., Barros, C. M., Fields, P. A., Fields, M. J., Diaz, T., Kluge, J. M. and 

Thatcher, W. W. 1996.  A cellular and endocrine chracterization of the original 

and induced corpus luteum after administration of a gonadotrophin-releasing 

hormone agonist or human gonadotrophin on day five of the estrous cycle.  

Journal of Animal Science. 74: 1915-1929. 

Sianangama, P. C. and Rajamahendran, R. 1992.  Effect of human chorionic gonadotropin 

administered at specific times following breeding on milk progesterone and 

pregnancy in cows.  Theriogenology. 38: 85-96.   

Spencer, T. E., Ott, T. L. and Bazer, F. W. 1996.  Tau-Interferon: Pregnancy recognition 

signal in ruminants.  Proceedings of the Society of Experimental Biology and 

Medicine. 213: 215-229.  

Stevenson, J. S., Call, E. P. Scoby, R. K. and Phatak, A. P. 1990.  Double insemination and 

gonadotropinreleasing hormone treatment of repeat-breeding dairy cattle. Journal 

of Dairy Science. 73: 1766-1772.   

Turk, G. Gur, S., Sonmez, M., Bozkurt, T. Aksu, E. H. and Aksoy, H. 2008. Effect of 

exogenous GnRH at the time of artificial insemination on reproductive 

performance of Awassi ewes synchronized with progestagen PMSG-PGF2α 

combination. Reproduction in Domestic Animals. 43: 308-313.  

Vinoles C., Forsberg M., Banchero G. and Rubianes E. 2001. Effect of long-term and short-

term progestagen treatment on follicular development and pregnancy rate in 

cyclic ewes. Theriogenology, 55: 993-1004. 

Wildeus, S. and Zajac, A. M. 2005. Gastrointestinal parasitism in hair sheep and meat goat 

breeds grazing naturally infected pasture. Sheep and Goat Research Journal. 20: 

42-46.   

International Journal of Advanced and Innovative Research (2278-7844) / # 274 / Volume 2 Issue 11

   © 2013 IJAIR. ALL RIGHTS RESERVED                                                                                     274



17 

 

Wilmut, I., Sales, D. L. and Ashworth, C. J. 1986. Maternal and embryonic factors associated 

with prenatal loss in mammals. Journal of Reproduction and Fertility. 76:  851-

864.   

Zamiri, M. J. and Hosseini, M. 1998.  Effects of human chorionic gonadotropin (hCG) and 

phenobarbital on the reproductive performance of fat-tailed Ghezel ewes.  Small 

Ruminant Research. 30: 157-161.   

 

 

International Journal of Advanced and Innovative Research (2278-7844) / # 275 / Volume 2 Issue 11

   © 2013 IJAIR. ALL RIGHTS RESERVED                                                                                     275


